Abstract: Currently, different design tools and databases are used for building automation networks and construction projects. Effort (design time, tools) can be reduced if these two design spaces can be merged. In this paper an approach for the integration of building automation network design in IFC is introduced. Based on the resulting model, existing tools are to enhance in order to accomplish a holistic design approach for construction projects.
INTRODUCTION
Today, building automation networks are designed using standardized tools and data bases. The model structure of a building automation network with all required components (e.g., sensors, controllers, actuators) is created with graphically supported tools (e.g., LonMaker, see Figure 1 ). All necessary connections between the components on different layers (application and physical layer) are carried out within these tools. Even deployment (configuration of real components according to model structure) and maintenance (network monitoring, deployment of additional functionalities and devices, etc.) are facilitated by these tools. There are certain similarities between the approaches used for designing building automation networks and construction projects. The LNS Network Operating System (Echelon 1999) is the quasi standard data base for design and deployment of building automation networks used by different parties involved. Therein, the complete information about the structure of the network on different layers is contained. The aim of Industry Foundation Classes (IFC) of International Alliance for Interoperability (IAI) (IAI 2005 ) is about the same in a different application area: a common standard to exchange information among various parties involved in a construction projects (e.g. spatial structure, walls, building services elements). So far, the two design approaches for building automation networks and construction projects are carried out in two different tool worlds. According to the data on which the structures rely on there is no connection, except a drawing delivered from the architect to the building automation network designer. There are no basic approaches for interoperability guidelines that could enable seamless integration of building automation network structures in construction projects.
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In this article we show an approach for future design methodologies and tools to integrate building automation network design and therewith to enable a comprehensive building model including the automation facilities (Schach et al. 2002) . Especially, the similarities in current tool domains (building automation networks and construction projects) are elaborated in order to enable merging of different design approaches. Hence, the existing model structures in building automation networks have to be reused and integrated in IAIs IFC. In Section 2 and 3 LonWorks technology and IAIs IFC are introduced. Concepts for the integration the two design methodologies are discussed in Section 4 and explained in more detail with an example in Section 5. The LNS Object Server defines a set of objects, properties, methods and events that represent the physical attributes of networks and their configurations. LNS Object Server is a COM server that provides an interface, independent of any programming language, to the LNS Server and the LNS database. The objects are grouped together in a hierarchical fashion (Fig. 4) , such that the ObjectServer object is at the top of the hierarchy. The ObjectServer object contains a collection of Network objects, each of which represents a network defined in the database. Each Network object contains a System object representing the network's system, and each System object contains a set of Subsystem objects that represent logical or physical partitions of that particular network. Each Subsystem object contains a collection of AppDevice objects which represent the application devices defined in that subsystem. For example, the user must set up a network to control a building with three floors. The user can define three subsystems within the network, so that he can logically group the devices on each floor separately. He can also set up additional subsystems representing different rooms on each floor of the building.
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Fig. 4. LNS Object Server hierarchy.
As the subsystems are logical divisions of a network, and devices can belong to multiple logical divisions, the user can create multiple subsystems that crossreference a network, and add individual devices to each of them. In this manner, devices can appear in multiple subsystems. For example, the user can create one subsystem to represent the physical layout of network, and another one to represent the functional layout (e.g. HVAC, lighting, etc.).
DATA EXCHANGE STANDARD IN THE BUILDING INDUSTRY
IFC is the set of internationally standardized object definitions (ISO 2005) for use in the building industry developed by the IAI (IAI 2005) . IAI is an alliance of organizations dedicated to bring about a coordinated change for the improvement of productivity and efficiency in the construction and facilities management industry. IFC is an universal language to improve the communication throughout the design, construction, operation and maintenance life cycle. The IFC concept is based on the idea of objects brought together in an integrated model. These objects are defined to support the whole lifecycle of facility development from inception through design, then facility management and finally demolition (Fig. 5 ). Objects in IFC in addition to the full geometric description in 3D have also location and relationships, as well as all the properties of each object. IFC contains not only physical properties, but also spatial concepts such as floors and rooms (Liebich 2004) .
The following three different concepts are subsumed under the IfcSpatialStructureElement (Fig. 6 ):
These different entities contain each other such as they provide a clear hierarchical structure for the building project. The three subtypes IfcBuilding, IfcBuildingStorey, IfcSpace are used to represent the levels of the spatial structure. The spatial structure is created by using the fundamental decomposition relationship. The subtype IfcRelAggregates is used to link the instances and establishes a hierarchical structure.
IfcBuilding is used to provide additional information about a building itself. The building includes the references to the building storeys belonging to that building or it can have building sections. IfcSpace is used to provide information about the space as a functional area or volume with a spatial structure. Spaces normally contain all building services or interior design elements (such as distribution elements, electrical elements, furniture). The space boundaries define the relationship between the space and its bounding elements. The IFC defines basic object concepts required for interoperability within the heating, ventilating and air conditioning (HVAC) and lighting (Fig. 7) . The methodology to specialize building service components in IFC follows the function of a component within a distribution system, and not the discipline which handles the components. Therefore the first level decomposition follows the structure:
• element within a distribution flow system o energy conversation devices o flow controlling devices o flow moving devices o flow segments o flow terminals • control element.
IfcEnergyConversionDevice defines the occurrence of a device used to perform energy conversion or heat transfer and typically participates in a flow distribution system (e.g., boiler, chiller, coil, electric motor, space heater, etc).
IfcFlowController defines the occurrence of elements of a distribution system that are used to regulate flow through a distribution system (e.g., damper, valve, switch, relay, etc.). IfcFlowMovingDevice defines the occurrence of an apparatus used to distribute, circulate or perform conveyance of fluids, including liquids and gases, and typically participates in a flow distribution system (e.g., pump, fan). IfcFlowSegment defines the occurrence of a segment of a flow distribution system that is typically straight, contiguous and has two ports (e.g., a section of pipe, duct or cable).
IfcFlowTerminal defines the occurrence of a permanently attached element that acts as a terminus or beginning of a distribution system (e.g., air outlet, electric appliance or heater, light fixture, etc.). IfcDistributionControlElement defines occurrence elements of a building automation control system that are used to impart control over elements of a distribution system (Fig. 8) . These are typically used to control distribution system elements to maintain temperature, humidity, pressure, flow, power, lighting levels, etc., through the modulation, staging or sequencing of mechanical or electrical devices. The three general functional categories of ControlElements as defined for this release of the IFC model are as follows:
• Impart control over flow control elements (IfcFlowController) in a distribution system such as dampers, valves, relays, etc., typically through the use of actuation IfcActuator.
• Sensing elements IfcSensor that measure changes in the controlled variable (e.g., temperature, humidity, pressure, flow, etc.).
• Controllers IfcController typically classified according to the control action they seek to perform and generally responsible for making decisions about the elements under control. 
INTEGRATION PLATFORM CONCEPT
As it has been mentioned in Section 2, the LNS model represents the structure of the LonWorks automation network, and IFC model -the structure of the building. These models are created by means of different tools saved in various databases and have different interfaces to data. By creation of a new project of the building automation network, the user repeats operations which have already been done by the user of the CAD system and results are kept in IFC model (definition of subsystems: floors, rooms and systems of lighting, ventilation, heating). For the process acceleration of the building automation network design, it is expedient to integrate LNS model in IFC model, as more general and universal one. The holistic model also can be used for more detailed modelling of various processes in the building. For the planning architecture of the building and its life-support systems various CAD systems are used. These systems support import and export of the IFC data model. For the integration of two models we propose the following approach:
1. data import from Architect CAD to Building Automation Network Tool; 2. data import from HVAC and Electro CAD to Building Automation Network Tool; 3. data export from Building Automation Network Tool.
Data import from Architect CAD to Building Automation Network Tool.
Architect CAD is used for development of a building architecture. From the available IFC model it is possible to receive the spatial structure of a building (floors and rooms) for use in the LNS model (Fig. 9) .
The additional information about characteristics of rooms (e.g. volume, area, recommended temperature and light exposure) and internal elements (windows and door) can be useful for developers of the building automation networks. 
Data import from HVAC and Electro CAD to
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HVAC and Electric CAD are used for development of building services. Fig. 10 . Conversation between IFC and LNS models.
This information is fundamental for development of building automation networks and specifies what processes need to be automated. From the IFC model it is possible to receive objects of automation (e.g., boiler, coil, electric motor, space heater, damper, valve, switch, etc) and their characteristics (e.g., capacity, range) (Fig. 9 ). The IFC model can have the information about control loops (sensor, actor and controller) and characteristics (type of the controller, time constant of the sensor). On the basis of this information the building automation network can be designed automatically.
Data export from Building Automation Network Tool.
After the completion of the building automation network designing, the information about the network is stored in the LNS database. In order to make this information accessible for other participants of the building life-cycle, it is necessary to transform (import) it into the IFC model (Fig. 9) . The information about the building automation network can be used in Electric-CAD for placement of network nodes and tracing of cables. Within the maintenance time of the automation network at the level of the building facility management, the information about current condition of processes is necessary. For this, the measured values from the network should be transferred to the IFC server.
Practical realization of the integration concept.
A converter which can transform the IFC model into the LNS model and back is necessary for realization of the integration process. Therefore the converter consists of two parts ( Fig. 10) :
In practice the process of the integration looks as follows. The converter "IFC to LNS" receives the necessary information from the IFC file by means of an IFC Toolbox. 
Converter
The IFC Toolbox it is the program component which realizes operations of reading, writing and search IFC objects in the IFC file that have ASCII format. Then the converter transforms the IFC model into the LNS model and through the LNS Server saves it in the LNS database. Users of Network Development Tool applying this basic information from the LNS database design the full model of a building automation network. The result is kept in the LNS database and loaded into the real network. All these operations are carried out using the LNS Server. After the network has been designed, the converter "LNS to IFC" receives the necessary information from the LNS database, transforms it into the IFC model and supplements the IFC file with the new information about a automation network through the IFC Toolbox.
INTERGATION IFC AND LNS MODELS
In the previous section the general integration scenarios also have been described. The following example provides more detailed explanation of the integration process.
Integration the IFC model into the LNS model.
We shall assume that there is the IFC model of a building created by means of various CAD systems (Architect CAD, HVAC CAD, Electro CAD) which contains the information about the spatial building structure, objects and automation elements. This information is fundamental for the designing of a building automation network and should be integrated into the LNS model. At the first stage, the information about the spatial building structure is extracted from the IFC model. On the basis of classes IfcBuilding, IfcBuildingStorey and IfcSpace the hierarchical structure is constructed on the basis of class Subsystem in the LNS model. At the second stage, the information about automation objects and elements is extracted from the IFC model. For example, the controlled object IfcFlowController and its control loop elements IfcSensor, IfcActuator and IfcController ( fig. 8 ) are found. On the basis of this information, standard functional blocks (Sensor, Actuator, Controller) can be chosen in the Network Development Tool and the software for them can be automatically generated using design patterns. The data for the adjustment of functional blocks are parameters of control elements in the IFC model. Then connections between functional blocks are built and devices (AppDevice) are chosen which will contain functional blocks. The devices are connected to channels (Channel). After the integration of all control loops and addition of the new ones, we have the full model of a building automation network ( fig.  11 ) which is stored in the LNS database.
Integration the LNS model into the IFC model.
At the third stage, when designing of a building automation network is completed, the information about it can be integrated into the IFC model. The example of the integration the LNS model into the IFC model follows below.
For the realization of these scripts, it is necessary to select IFC subtypes and relationships which would represent an essence of objects and their communications in LNS model.
Communications between objects of the automation network model are presented by two levels: physical and logical (Fig. 11) . The IFC provides the mechanism of connectivity management between objects (Liebich 2004) .
Physical layer of connections in the network. In LonWorks networks a physical connection exists between network nodes and data channels (e.g. cable, powerline, radio channel), and between network nodes and elements of control systems (sensors, actuators). In the IFC model there are classes by means of which it is possible to realize the physical level of the connection in a building automation network. Class IfcDistributionFlowElement (with subclasses IfcFlowTerminal and IfcElectricApplianceType) corresponds to the physical network node, class IfcDistributionFlowElement (with subclasses IfcFlowSegment and IfcCableSegmentType) -to the data channel, class IfcDistributionControlElement (with subclasses IfcSensorType, IfcControllerType and IfcActuatorType) -to the network variable and the element of control systems. In the IFC it is possible to operate physical connectivity through ports which are presented by classes IfcDistributionPort, IfcConnectsPort and IfcRelConnectsPortToElement. Here the port has no physical representation and is a virtual object for other object communications (Fig. 12) . All physical objects of the model can be connected with IfcDistributionPort by means of the relationship IfcConnectsPort. IfcDistributionPort's can be connected among themselves through IfcRelConnectsPortToElement. Presence of the attribute IfcConnectsPort.RealizingElement means that connection is realized by means of some other element. Thus elements of control systems are physically connected to the data channel through LonWorks network nodes.
Logical layer of connections in the network. In LonWorks networks a logical connection is present at the level of communications between network variables (IfcDistributionControlElement). In our IFC model of a building automation network connections between network variables are aggregated to connections between functional blocks. Fig. 13 . Definition of logical connections.
At the logical connection it is possible to do without use of ports that can be reached by introduction of the relationship IfcRelConnectsElements which will connect directly IfcDistributionControlElement objects (Fig. 13) .
Measurement of network variables. Network variables are used for the measurement of process conditions in a building and for the control of these processes.
For this purpose, the object IfcMesureWithUnit can be attached to a network variable (object IfcDistributionControlElement) with the help of relationship IfcRelAssignsToProcess. Object IfcMesureWithUnit has connectivity with object IfcValue which contains the numerical value of a network variable (Fig. 14) . LonWorks objects placement. All physical objects of an automation network (e.g. nodes, cable, sensor) have their certain placement in the building. They are defined by IfcLocalPlacement (a subtype of IfcObjectPlacement) which can determine an absolute placement, relative placement, or grid reference, with each defining the local coordinate system referenced by all geometric representations. The attribute PlacementRelTo of IfcLocalPlacement points to the IfcSpatialStructureElement (Storey, Space) (Fig. 14) .
CONCLUSION
This paper has presented an approach for the integration of building automation network structures in construction projects. The integration concept is to merge the LNS model into the IFC model. The question about a full list of data which are necessary for the integrating still remains open. For this purpose we try to cooperate with industrial organizations both in the field of automation networks and in the field of CAD designing of building services. In the given paper only the most necessary components of the integration, in authors' opinion, are shown. It is necessary to define a reasonable border of the integration of the LNS model into the IFC model, to select the information which will be useful for other participants of the building life-cycle. In case of occurrence of some limitations of the IFC model, it is possible to expand it as it is the open standard. The practical realization of the offered integration concept has already begun; data from the IFC model are integrated into the LNS model. Development of the more detailed mechanism of the models converting using the scientific bases is planned to be made in the future.
